Introduction
The radiation pattern of an antenna mounted nearby, or directly on, a complex three-dimensional (3D) structure can be significantly influenced by this structure. Integral equations combined with the method of moments (MOM) provide an accurate means for calculating the scattering from the structures in such applications. The structure is then modelled by triangular or rectangular surface patches with corresponding surface current expansion functions. A monopole antenna mounted on the structure may be modelled by a wire segment with corresponding line current expansion functions. This modelling has the drawback, that the MOM matrix depends in part on the antenna location. Hence, this part of the MOM matrix must be recalculated and the equation system re-solved if the antenna location is changed. In some applications, e.g., if the optimum location of a flush-mounted antenna on a satellite must be determined, this recalculation and re-solving for every antenna location poses a major computational problem.
A MOM matrix which is independent of the antenna location can be obtained by modelling the antenna as an impressed electric or magnetic source, e.g., a slot antenna can be modelled by a magnetic Hertzian dipole. For flush-mounted antennas, or antennas mounted in close vicinity of the scattering structure, the nearby impressed source induces a highly peaked surface current on the scattering structure. For the low-order basis functions usually applied in conventional integral equation solvers, a peaked current poses a challenging problem since it necessitates a large number of unknowns and excessive computation times. A fringe dual-surface magnetic field integral equation (F-DMFIE) that eliminates the problem of peaked currents and fields, even for impressed sources located arbitrarily close to the surface of the stmcture, was presented in [I] . In this formulation, the surface current on the structure is obtained by evaluating a number of line integrals and performing a single matrix-vector multiplication for each antenna location. This paper briefly reviews the F-DMFlE formulation and applies it to a more complicated geometry than in [I] . In addition, efficient solution methods for multiple antenna locations, including parallel implementations, are discussed.
The Fringe Dual-Surface Magnetic Field Integral Equation
The magnetic field integral equation (MFIE) for a closed PEC body is often expressed as
where the bar on the integral sign denotes a principal value integral, r and r' are the observation and integration points, respectively, J is the unknown surface current density, n is an outward normal vector at the point of observation, and C(r. r') is the free-space 3D scalar Green function, G(r. r') = exp$r~r;r''), with X being the wavenumber and an assumed time-dependence esp(jwt). Due to the current peak, as well as other problems discussed in [l] , a conventional solution to ( I ) is troublesome if the incident field is caused by an impressed source in close vicinity of S. e.g., a Hertzian dipole. To overcome these difficulties, we subtract the known PO current from the total current in some region close to the source [ 2 ] . We denote this PO region by SPo which is the largest planar surface close to the source. We define JPO = 2 6 x HInC inside SPo and J P o = 0 outside 9". The total current is separated in this PO part and the remaining fringe part, i.e., J = Jpo + 3'. Note that the region directly illumnated by the source might be larger than the PO region used here; hence, the present definition of JPo may differ from the usual one. By introducing this separation in the MFIE (I) we obtain the fnnge magnetic field integral equation (F-MFIE) J f ( r ) + 2 n x JJ(r') x VG(r. r') dS' = 2 6 x H'"C(r) -J""(r) -2h x k:"'(r')
This equation is more easily solved than (1) for a source close to the scatterer.
On the left-hand side we encounter the original MFIE but now with the fnnge current as the unknown. Thus, the MOM-matrix used in the solution of ( 2 ) is the same as in (1). The entire right-hand side is zero inside the PO region but the first and the last term contribute outside. The first term is easily evaluated since the incident magnetic field is well-behaved outside the PO region. The last term is the magnetic field radiated by the PO current. Evaluating this directly by a surface integration will be very time-consuming due to the highly peaked integrand. However. the field radiated by the PO current on a planar PEC plate illuminated by a Hertzian dipole can be ngorously transformed into a line integral along the edges of the plate [3] . This involves only a one-dimensional integral and the incident field at the edges of the PO region, where it is well-behaved. For the reasons explained in [ I ] , a dual-surface formulation [4] has been preferred to eliminate the intenor resonance problem of a closed PEC body. This formulation is easily implemented and involves only the electric current and the magnetic field as in the ordinary W E .
Solution Method for Multiple Antenna Locations
By using an impressed source and the F-DMFIE formulation, the solution involves a MOM matrix independent of the antenna location and well-behaved currents and fields. The matrix equation could be solved with an iterative solver. However, if many antenna locations must be investigated a direct solver will be faster since the inverse of the MOM matrix is obtained. For each antenna location, the right-hand side of ( 2 ) is obtained by evaluating a line integral for all observation points outside the PO region. The unknown surface current is then found by multiplying the nght-hand side with the inverted MOM matrix. This scheme will be efficient when a large number of antenna locations is to be investigated.
A full niatnx inversion requires large computer resources, which calls for a parallel implementation, preferably on a low-cost distnbuted memory system. The filling of the MOM matnx and the calculation of the right-hand sides can easily be parallelized, and efficient implementations exist for matrix inversion on distributed memory systems [5] . The F-DMRE has been implemented in a scattering code for general 3D bodies using the well-known tnangular-cell RWG basis functions [6] . This code runs on a Linux cluster with 16 PC's using the message passing interface (MPI) standard for communication.
Numerical Example
We consider now the PEC stmcture shown in Figure 1 with an associated rectangular coordinate system as indicated in the figure. The structure can be viewed as a 3X x 2X x 1X box with another 1 X x 2X x 1X box on.top. The structure is excited by a y-directed magnetic Henzian dipole located very close to the surface at (O,O, $) which will result in a highly peaked current. With a sufficiently high basis function density, say 700/X2, a conventional dual-surface MFIE and the F-DMFIE converge to the same result. The total surface current obtained with DMFIE is shown in Figure I(a) where the current has been normalized to the maximum value occumng at the peak and the scale is in dB. It is observed.
that the current on the major part of the structure is more than 60 dB lower than the value at the peak. Thus, the configuration is well suited for the F-DMFIE. The fringe current obtained with this formulation is shown in Figure l (b) . The PO region is in this case chosen to be the horizontal 'LA x ZJX planar plate with center at the origin of the coordinate system. Hence. the vertical plate defined by (z = 0, -l X < y i 1X; 0 i z < 1X) is not a pan of the PO region although it is directly illuminated by the source. Note that the current peak at the source in Figure l(a) is absent in Figure l(b) since the peak is entirely contained in the PO current. Also note that the fringe current i s discontinuous across the line (z = lX, -l X < y < l X , z = 0). It was demonstrated for a similar configuration in [I] , that the F-DMFIE is converged with a basis function density of approximately 100/X2 whereas the DMFIE needs more than 700/XL. The high basis function density in the DMFIE is required to model the highly peaked total surface current while the F-DMFIE is capable of modelling the well-behaved fringe current with far fewer basis functions.
Conclusions
A F-DMFIE formulation was reviewed. The formulation is useful when impressed electric or magnetic sources are located arbitrarily close to a PEC body. This creates a highly peaked surface current that hampers an efficient solution by the standard EFIEMIE formulations. The F-DMFE formulation uses only well-behaved currents and fields and is therefore well-suited for a numerical solution. By using this formulation, an antenna can be modelled by an impressed source which makes the MOM matrix independent of the antenna location. Thus. the F-DMFIE is an efficient method for optimizing the antenna location on a complex body.
